Many tools have been developed to visualize protein and molecular structures. Most high quality protein visualization tools use the OpenGL graphics library as a 3D graphics system. Currently, the performance of recent 3D graphics hardware has rapidly improved. Recent high-performance 3D graphics hardware support Microsoft Direct3D graphics library more than OpenGL and have become very popular in personal computers (PCs). In this paper, a molecular visualization system termed ProteinVista is proposed. ProteinVista is well-designed visualization system using the Microsoft Direct3D graphics library. It provides various visualization styles such as the wireframe, stick, ball and stick, space fill, ribbon, and surface model styles, in addition to display options for 3D visualization. As ProteinVista is optimized for recent 3D graphics hardware platforms and because it uses a geometry instancing technique, its rendering speed is 2.7 times faster compared to other visualization tools.
INTRODUCTION
A vast amount of protein data are stored at the Protein Data Bank (PDB). 1 Anyone can freely download information regarding specific proteins. ProteinVista is a molecular visualization system that is designed to display and analyze the structural information contained at the PDB. ProteinVista is similar to systems such as Chimera, 2 VMD, 3 DS Visualizer, 4 PyMol, 5 Chime, 6 and JMol 7 but with faster and higher quality rendering as it utilizes 3D graphics hardware installed on personal computers (PCs) based on the Microsoft Windows operating system. Bioinformatics platforms, particularly those related to protein structure visualization, have gradually moved to the Windows system. In 2006, in a VMD survey report targeted at VMD users, 43% of users VMD for Windows while 41% reported using Linux. 8 The 3D graphics platform is also changing. High-performance 3D graphic hardware such as the nVidia Geforce 8800 series is optimized for Microsoft Direct3D. 9 This graphics hardware is very popular and is cheaper than OpenGL graphics hardware such as nVidia Quadro graphics hardware. The price of nVidia Geforce 8800 series is only 30-40% lower compared to nVidia Quadro, but the two graphics cards offer similar performance. For these reasons, a fully optimized * Author to whom correspondence should be addressed. system based on Microsoft Direct3D running a Windows operating system is essential for protein visualization.
The benefits of a dedicated Windows platform are straightforward user interfaces that follow the Windows user interface guideline. The user interface of the ProteinVista was developed using the Microsoft Foundation Class (MFC) library. Therefore, the user interface is identical to those of traditional Windows applications.
In this paper, a protein visualization system based on Microsoft Windows and Direct3D is developed. The rendering acceleration of the proposed method is shown by comparing the visualization component of the proposed system with other molecular visualization tools. Figure 1 shows the architecture of the proposed visualization system. The Protein visualization Manager is a core component of this system. A user provides a PDB ID or a PDB/PDBML file to be visualized. The protein structure information is then loaded by the PDB Loader and PDB Parser either by reading a local structure file or by automatically downloading the structure from the PDB web site. object to the Protein Visualization Manager. The Protein Visualization Manager consists of four modules: a selection module, a user interface module, a property setting module and a tree/residue display module.
SYSTEM OVERVIEW

The Architecture of the ProteinVista
The selection module manages user selections of proteins. The user can select the protein according to its atoms, residues, chains, or models in the tree view pane of ProteinVista. The selected part is stored in the selection list. The user interface module manages the selection list. Each selection in the selection list has numerous display options, such as show/hide, color schemes (by CPK or by amino acids, for example), and clipping planes. The property setting module manages many options. ProteinVista also has a tree and residue display pane. As proteins in the PDB have a hierarchy, the protein structure can be displayed using a tree shape. A protein hierarchy is composed of models, chains, residues, and atoms. A tree view pane is provided that visualizes this hierarchical structure of protein.
A Protein Structure Data object is then sent to each Renderer module, which is responsible for generating a Fig. 2 . Rendering data structure for geometry instancing.
3D visualization pane
Tree/property pane Sequence/output pane 3D model of the corresponding protein molecule. The 3D model is rendered using Microsoft Direct3D. The basic render methods of ProteinVista are the wireframe, space fill, stick, ball and stick, ribbon and surface methods. Each method of visualization highlights a different aspect of the protein molecule. 10 Each renderer provides 3D rendering of the protein structure in the display screen.
The Feature of the ProteinVista
Microsoft Direct3D is used for high-quality molecular 3D rendering. Direct3D was developed by Microsoft and provides programmers with a way to develop 3D rendering programs that can utilize whatever graphics acceleration device is installed on a PC.
ProteinVista displays Direct3D rendered wireframes, sticks, ball and sticks, space fill, ribbon, and solvent accessibility molecular structures from a PDB file to a variety of models, including display multiple molecular models (either NMR models or multiple PDBs). It can also trace atom chains and change atom color schemes, superimpose two molecules by rotating and translating them separately, export screen image in the form of BMP and PNG, align two proteins, select and display the substructure of proteins, display the tree structure of protein, and display cutting planes.
The GPU Based Rendering
Graphic Processing Unit (GPU)-based rendering is a type of 3D rendering technology. For fast 3D rendering, all 3D geometry data has to be rendered by a GPU instead of a CPU. In ProteinVista, a geometry-instancing technique is used for GPU-based rendering. The geometry-instancing technique is very useful for rendering many instances of the same 3D geometry data with different orientations, sizes, or colors. To render protein structures, many spheres and cylinders with the same geometry are rendered in a ball, ball and stick, or space fill display model. Figure 2 shows the structure of the vertex and index buffer for the geometry-instancing technique. The vertex buffer contains per-vertex data that is defined by a vertex declaration. It is assumed that part of each vertex contains geometry data (Vertex Buffer 1), and part of each vertex contains per-object instance data (Vertex Buffer 2).
VISUALIZATION SYSTEM
This section briefly explains the design of the user interface of the proposed system (Fig. 3) . The screen of ProteinVista is divided into three parts: the protein 3D visualization pane, the tree/property pane and the sequence/output pane. The protein 3D visualization pane is the main window of ProteinVista. The 3D protein data is drawn in the protein 3D visualization pane by the visualization renderer. Two accompanying tree and property panes are also displayed, which are useful for hierarchically browsing an amino acid and viewing the property of 3D rendering. In the sequence pane, the residues of the protein are displayed. Figure 4 shows a 3D visualization of themosome (PDB ID: 1a6d) with surface and SSE display. Themosomes are found in the cytosol of eukaryotes and in archaea. Eukaryotic themosomes have eight different protein subunits. The inside of the model in Figure 4 is shown by the cutting plane. Figure 5 shows a 3D model of the PDB ID 2c0w protein, which has 10 monomers. Each copy is modeled in the wireframe and the secondary structure element (SSE) display style.
The largest file in the PDB database is shown in Figure 6 . It is PDB ID 1htq in wireframe, which has 10 models with A to X chains. Each model has approximately 90,000 atoms. Therefore, the protein has nearly 900,000 atoms and a PDB file size of nearly 77 Mbytes. Figure 7 shows 3D structure models of R6 Human Insulin Hexamer. This protein as examined by NMR is composed of 20 structure models. The protein is displayed as a ribbon display model and is colored according to the chain. The rendering speed is 38 frames per second (FPS) in ProteinVista. Figure 8 shows the protein structure of the chaperonin GroEL-E461K. This protein structure was examined with X-ray diffraction and has 14 chains from A to N. Chain A is displayed as a surface model and Chain C is displayed as a surface and ribbon model. The remaining chains are displayed as a ribbon model. Each chain is set in different colors.
PERFORMANCE TEST AND RESULT
Two performance experiments were conducted using ProteinVista. The purpose of the first experiment was to compare ProteinVista with six other visualization systems with respect to the rendering performance with different numbers of atoms. The systems compared with ProteinVista are Chimera, VMD, DS Visualizer, PyMol, Chime and JMol. The graphics systems of these tools chosen for the tests are mainly based on Java3D or OpenGL. The PDBs for the experiment consist of five types, with each type having a different number of atoms. The sizes of the atoms in the experiment are 1 K (1000), 5 K, 10 K, 50 K, 100 K, 500 K and 900 K. The system used in the experiment consists of a Pentium 4 (3.6 GHz) computer with 4 GB of RAM running the Windows XP operating system. The rendering speed is calculated in frames-per-second (FPS). A higher FPS rate was considered to indicate superior system performance. In terms of FPS performance, a FPS rate over The second experiment was similar to the first. However, the second experiment used real PDBs. The proposed system was compared to other eleven molecular visualization tools with respect to their real-time rendering speed. Table I shows results of the rendering speed test. In the experiments, many types of visualization styles were used. For example, in experiment 6, the visualization styles of wireframe, ribbon, and surface model were used. In most of the other tools, load failures occurred. The rendering speed of the proposed system as 2.7 times faster compared to the average speeds of other visualization tools.
CONCLUSION
In this paper, a high-performance protein structure visualization system termed ProteinVista is presented. The improvements in the 3D rendering speed of the proposed system were accomplished by utilizing the latest 3D graphics hardware with a geometry-instancing technique coupled with the Microsoft Direct3D graphics library. The efficiency of The proposed method was shown in a comparison with other molecular visualization tools mainly based on OpenGL.
